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The design of highway freight trailers is influenced 
by many factors. It is the purpose of this thesis to 
investigate the principles controlling the design of 
trailers and to design a complete unit which can be 
manufactured with a minimum of materials and expense* It 
was endeavored to develop the information required for the 
maximum possible efficiency of design so that the trailer 
can be constructed to weigh as little as possible, 
commensurate with low cost of materials and manufacture. 
The information obtained includes data on certain materials 
which can not be used at the present time, due to war-time 
shortages, but which might be used in future designs. 
The development of large, light-weight freight 
trailers has been made chiefly during the past ten years 
and there has been very little information published on 
this subject. Because of this, the various elements making 
up the trailer were taken up separately and studied in 
detail. Certain automotive components, such as the axle, 
wheels, rims, tires, landing gear, and springs, were not 
studied from the design standpoint but rather from the 
viewpoint of selecting from those available on the market. 
Since each of these items is manufactured by several firms 
devoted almost exclusively to producing particular items 
of these standard components, with a consequent realization 
% 
of mass production economies, it is difficult to produce 
these items as cheaply as they can be purchased, unless 
such production is on a fairly large scale* £he structural 
elements of the trailer were studied in detail so that they 
could be designed to be as light as possible without being 
too costly to produce and assemble* 33ie design of these 
elements was taken up from a theoretical standpoint but it 
was necessary to temper the results of such studies with 
the knowledge of what will work under certain conditions, 
based on the writer's practical experience and observations, 
since the trailer is subject to indeterminate dynamic and 
impact loads. 
' •• . J 
©le legal limitations of the states in which a 
trailer operates determine the size and payload of the 
trailer, so a study of these has been made first* Next to 
be taken up were the tools and materials available for 
fabricating the necessary parts. The selection of the 
standard automotive components then follows. After this 
the structural parts of the trailer are designed and the 
assembly and painting of the vehicle are discussed briefly* 
A description of the completed unit, along with weight and 
cost estimates, is then presented. Preloading for the 
prevention of fatigue failures is discussed, a guide 
compiled showing the procedure for normal maintenance, 
and the conclusions summarized* 
LEGAL LIMITATIONS 
The size of trailers is restricted by the various 
states, so these restrictions must be taken into account 
when determining the maximum over all size of the vehicle. 
Table 1 on page 6 shows the maximum width, height, and 
length allowed in the various states. The over all length 
shown is the combined length of the tractor and trailer 
combination. The emergency uniform standard shown on the 
bottom line is the standard set up by the Office of 
Defense Transportation as the maximum allowable sizes in 
all states for the duration of the War. This was done to 
enable highway transportation companies to move freight at 
maximum efficiency by running large size trailers through 
all states. In the past it has been necessary to transfer 
freight from long trailers to shorter ones at some state 
borders, since the maximum over all length allowed by 
some states is much less than that allowed by others. Since 
vehicles conforming to the uniform standards can operate 
in all states for the duration of the War and in a large 
number of states under the state restrictions, the sizes 
set up by this standard will be used for the purpose of 
designing the trailer. 
The weight of trailers is restricted by the 
maximum weights allowed by the various states on one 
axle and on the tractor-trailer combination. These 
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: TRA/tER OvtA A/.L 
• /_£A/t?-r// L\e/iQTH 
MAX/MU*\ We/GMrs (les ) 
ON ONE AXLE /XACTOR- £ /#A/LEP 
ALABAMA 96 " i 72'-6" : 30 • 40 ' /6, 000 301000 
ARIZONA 96" \ 74-6" \ 35' 65 ' (8, 000 40 ,ooo 
ARKANSAS 96" • /2'-6" j 35' 4 5 ' /6t 000 40, 200 
CAC /PORN /A 96" 73' 6 " 3 5" 60' IB, 000 aoo (/_ / 40) 2 
C OL O/ZAOO 96" /2'-6" 35 ' 40' ta 000 700 (7. + 40) 
CoNHEC T/CUT 96'- '' 73' 6" ' 40' 40' * 40,000 
DELA h/ARE 96" 72'-6" 33 ' 60' /a, 000 40, OOO 
D/sr. or Co/. 96' • /2' 6" 3 3 ' 33' 24, 6 40 39, 600 
r~~LOR/OA 96" /2'-6" 35' 45' Xr 40( OOO 
Geo KG/A 96" 1 73'- 6 " \ 35' ' 4 5 ' /a, 000 j 7O0 (7. •*• 40) 
/DA HO 96" 1 74'-O" ' 3 5 ' • / V :a 000 42, OOO 1 
7L L /NO 1 S 96" '• * I 35' 35' ib, 000 40, OOO J 
/NO/ANA 96" j 72' O" 1 36' 40' /a, 000 700 ( I + 40) 
/olNA 96" /2' 0" ' 3 3 ' 4 5 ' 16, OOO ' 450(7. *• 53 j ) ~' 
KANSAS 96" / ? ' • 6" ! 35' i 35' | /SjOOO 700 (L /- 40 ) 
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SO' 221 400 
45' j /8, OOO j 





















40' J /8, OOO '' 
45' -8,000 
45' \ * 
50' \ /3, OOO 
45' \ /$, onn 
40t OOO 
30 OOO + (7 x 750} 
47;QO0 
700 (L / 40) 
PENNS YE. VA N/A 39, OOO 
j &HODE TsLANE) /02" 72'- 6" * 45' j PP.-;.-?.) 40, OOO 























35" \ /6, COO 
4 5' . 16, OOO 7t 
60' \ /at 000 
50' t •*. '<?( 
45' j /r., OOO 
30, OOO 
30, OOO 




70O f 7. + 40) 
7O00 On STAT£ tf/GHWAYS 
35, OOO 
WASHING TON ~96" ~" 1" /2~'-6" ~\ 3 5 60' /d, OOO 700 (7. + 40) 
WEST VtRGIN/A 96" J /2'-6" : 3-> 45' 1 Vfi xus VA A /FS 
W/SCONS/N 96" ] /2'-6"~ 33 4 5' ;?_ OOO 73, OOO 
WYO M/NG 96"_ /<?'- 6" 40 4 r>- /5 J OO ^Oc {'7 * ~40) 
EMERGENCY 
UNIPO/INI STE>. 
96" /2'- 6" 3 v -l 5 1 a, 000 40, OOO 
* NOT ReST/tic 7cu 2 t D/S -TAsjf r //v eee r BE -mtt.-. r.x:? 4 / ,s r S> *,t: 
1 7/i'S TABlt COM/ 
i*Sf/6//TS - /94Z 
'U Els PAof* 
Eo/r/OfJ " i 
DA r^a ft/s 1 / 
3Y A//Q7/OAJ* 
'tFa /A/ " Sr/i-re A'fs;fis 
t H/a/tinfAY C/sens Co*/ f/tffjtl. PACfS '1 t?o 
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maximum weights are shown in Table 1. As in the case of the 
allowable sizes, emergency uniform standards have been 
set up by the Office of Defense Transportation and will 
be used in designing the trailer. 
Table 2 on page 8 shows the lights and reflectors 
required for use on trailers operating in interstate 
commerce under the rulings and charter of the Interstate 
Commerce Commission. The lights required by certain states 
in addition to those required by the I.C.C. are shown by 
Table 3 on page 8. 
The brakes used on trailers are subject to a number 
of requirements by the I.C.C. Besides many requirements 
as to the quality of the individual parts used in the 
construction of the brakes, there are several very 
important requirements set forth in the I.C.C. brake 
provisions. It is required that the brakes operate in 
approximate synchronization with those on the towing 
vehicle, that the braking effort on the rearmost ;wheels 
shall be developed at the fastest rate (or that means be 
provided for applying the braking effort first on the 
rearmost wheels), that brakes shall operate on all wheels, 
and that application of the brakes on the trailer shall 
be made automatically in the case of a break-away. In the 
1. See "Equipment Requirements for Motor Vehicles, 
1942 Edition", published by the National Highway Users 
Conference, pages 7-10* 
s 
7ABL£ 2 . L/GHrs AAIQ /PenecTo/es Requ/Aeo OA/ 7AA/LCKS f 





S/oe V/e w 





Typf or L/OHT o/t ReriecTo/t 
AMBtfi Cl£A#AMC£ /L/GHTS 
A/*&>*> /oenr/r/CAT/OAT /./GHTS 
Awae* CifAA-AA/ce 1/GHTS 
ArtBffi r9fr-£.FCTOAS 
Re a Refce e TOAS 
Reo Ci £AAAA/C£ L/GH TS 
Reo CteAAAA/ce Z/GHTS 
Reo /oeHT/r/CAT/o/s 1/GHTS 
Reo ^Zeft ec TO A s 
Se£ JP*n„ /JGHT 
Reo STOP 1/GHT 
D/A£CT/OA/Ai- S/GA/Ai. l/GHT 
ReQu/xeo BY 
///Te/isrATe CoMAte/ece CoAfM/ss/OA/ 
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/.c.c. " " ~" ~'""_ 
/. c.c "~_ 
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3 /?eo \0/xecTfOAiAi. 
7bA /ieAA BOTTOM /?«** 
ALABAMA NO No 
L Y £ S 
NEBRASKA No No Yes 
AA/ZOA/A NO NO Yes Ne VAOA No No No 
AAKAA/SAS Yes Yes Yes New //AMPS»//te No No No 
CAL/FOKAI/A No No Yes New UCRSCY No No Yes 
CoLOAADO I - Yes ~ 
No 
~ Yes"'"^ Yes New Mex/co No No Yes 
CoA/A/ec T/CUT No Yes New YOKM No No j Yes 
De IAWAR£ No 
No 
" No 
No Yes NORTH CAAOC/A/A No No \ Yes 
Otsr. OF COL. No No A/OATH DAKOTA No No ' Yes 
FL O/R/OA No Yes OHIO No No No 
Oeofto /A No r No No OKLAHOMA No No No 
/DA HO No No Yes OxesoM 
PeNUSYL VAN/A 
Rnooe /SCAAIO 
No | No Yes 
/LL /HO/S Yet, Yes Yes Yes Yes Yes 
/NOIA*JA 
/Oh/A 
No No Yes No No Yes 




Yes No •SOUTH DAKOTA Yes Yes Yes 
KFA/ TUCK Y No No 7enne ssee No ' No No 
LOU/S/AA/A Yes Yes 7exAS 
UTAH 
No No No 
MAMC No No 
No 
No No No Yes 
MAKY LAMO No No VFKMOA/T No No No 
MASS A cause r TS No No Yes V/AG/AJ/A No No Yes 
M/CH/GAH No j~ No 
Yes"" : Yes 
Yes 
Yes 
WASHING TOH No No Yes 







Yes h//SCOA/S/H No No No 
Af/ssoc/?/ Yes 
No 
WYOAI/A/G No No Yes 
MoMTAA/A i 
' COM fin fo rtfon OA TA 
2 See " Cai^iMc/ic/AL 
/H CATAIOO 
CAA Uo</*t 
A/o. 42 f>UBi./SH£0 BY 
,AL " APA/L Z9 4-2 , 
R. £. D/CTZ Co., 
PAoe 29. 
Ne*s YORK, MY. , PASCS Zt- 47. 
latter case, the application of the brakes must continue 
automatically for at least fifteen minutes. Since the 
majority of all trailers built operate in interstate 
commerce, the safety requirements of the I,C«C, should 
be met1 im e^ery ease, 
1© 
AVAILABLE MACHINE TOOLS 
©ie purchase of machine tools requires large 
investments of capital and such machines are very difficult 
to obtain during the present period of war-time scarcities, 
so the trailer will be designed so that only a very few 
such tools will be required. The structural parts of the 
trailer will be designed so that they can be completely 
fabricated from sheet steel and assembled with the 
following tools:-
1. Squaring shear having a capacity of l/4H thick 
high-tensile steel 10 feet long* 
2* Mechanical press brake having a capacity of 200 
tons and equipped with square bend female dies, 
gooseneck male dies, narrow male die, l/4w 
diameter beading dies, 3/8!f diameter beading 
dies, and special die for forming ribs at one 
stroke* 
3. Portable spot welder having full electronic 
control panels for synchronous welding control, 
having a capacity of 75 kva at 50$ duty cycle, 
and equipped with a push gun with 12 foot dual 
cables and a pinch gun with 12 foot concentric 
cables* 
4. Stationary dual-head series type spot welder 
having fully electronic control panels for 
synchronous welding control and having a 10 foot 
platen length in the opening under the heads so that 
sheets ten feet wide "by any length can he welded. 
5* Angle rolls with proper rolls and enough capacity 
to roll 7fl x 2" x 14 gauge angles leg-in and 31' x 
2ft x 12 gauge angles leg-out and 2" x 2!! x 12 gauge 
angles leg-out. 
6. Large size drill press with a capacity of 1 1/2* drill 
size, with spot-facing tools and tapping attachments. 
7. Small size lathe with a swing of at least ten inches 
diameter "by three feet long and equipped for cutting 
1 l/2n National fine threads. 
8. Miscellaneous portable hand tools including drills, 
air-driven wrenches and screwdrivers, grinders, 
disc sanders, and saws. 
9. Ire welding machines with a rated capacity of 150 
amperes. 
10. Arc welding machines with a rated capacity of 300 
amperes. <;: 
11. Oxy-acetylene cutting torches and contour cutting 
machine if possible. 
12. Paint spray guns equipped with pressure feed tanks 
having air-driven agitators. 
13. Air compressor with proper capacity to supply the 




The properties of various materials which might be 
used in the construction of the trailer are shown by Table 
4 on page 13. Due to the present scarcities of stainless 
steels and the aluminum and magnesium alloys, the selection 
of the materials that will be used in the trailer will be 
confined to the carbon and higih tensile steel groups. The 
data on stainless steels and the aluminum, and magnesium 
alloys were presented so that the possibilities of their 
use might be studied when they once again become available 
for general use in industry. Although the alloying 
elements used in making higft tensile steels are very 
scarce at the present, most steel companies secure the 
necessary amounts of these alloying elements by careful 
selection of the scrap steel used in making the high 
tensile steel. *Bie use of higji tensile steel in trailers 
at the present can be further justified by the weight of 
steel that will be saved if the superior properties of 
such steel are fully utilized. This fact has been 
recognized by the War Production Board in allotting alloy 
steel for use in trailers under its Controlled Materials 
Plan. 
As every saving of a pound of weight in a trailer 
means that an extra pound of freight can be hauled and 
TABLE 4-. PROPERF/ES or VARIOUS MAFER/AIS WHEN COIE> fhtieo JMFO SHEETS 
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Aa/Pi/Nup\AitoYs 1 i Cu S/ T^N Afs Z v M CM /^PMJ umts *AL 
775 - 0 ! Aiim. Co. of Arte* 26,QOO \/o,ooo •te 000 20 45 77/000 te.$*/o6 4.0 .5 .5 .707 
/ 7 ' 5 - T j Att/M. Co. of Ante. 60,000 1 3 7 0 0 0 35,000 20 700 75,000 703*70* 4.0 .5 .5 .707 
245-0 \ ALUM. Co. or Ai»*e. 26,0)0 
6804C 
\io,oqp 16,000 20 
79 
42 70.3*70* 4.2 .5 75 .700 
245-T l AIUM. Co. of Arte*. ^'4 4000 4l,OQ0 105 76,000 70.3*70* 4.2 .5 7.5 ,700 
5 3 5 - 0 \ ALUM. CO of AME* 16,000\ 7GOO 11,000 25 26 7,500 70,3*70* .7 1.25 .25 .097 
53S-T AtVM Co. OF A ME*. 39,000 35,000 24000 74 80 77,000 70.3*70* .7 7.25 .25 .097 
MASNES/UM Alton Ma MM ZN AL 
AM3S-0 AMER. Ma COMP. 32,000 V7J0OO l%000 76 44 6,000 24* 70* 98.5 7.5 .064-,067 
AM-C525-0 AME*. MG. CORP, 38,000 25,000 2 7,000 76 54 l/OOO 2,4*70* 95.8 .2 7.0 3.0 .064-.067 
' CoMPti.£D f~ROM /fitFOR MAT/0 Af //V "META{$ /WO AtLOYS DATA BOOK " BY 5. I . /7o/T AA/D /tVFO&MAT/ON FURAIfSHEQ BY THE' MANUFA CTUKEAS £/S7VO ASOVS . ]f* 
' Pta 
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since the high tensile steels are superior to the carbon 
steels in every respect, higih tensile steel will be used 
almost exclusively in the trailer. This will result in a 
slightly higher cost due to the higher cost of high tensile 
steel, but this small extra cost will enable the trailer to 
be made so much lighter that it will be easier to sell at a 
higher price than if it were cheaper and heavier. Users of 
trailers are very weight-conscious and have always been 
willing to pay considerably more for a light weight trailer 
than for a heavier one, 
Hie properties of easily secured floor materials for 
the trailer are shown by Table 5 on page 15. Examination of 
the table will show that both shortleaf and longleaf pine 
have a strength very close to that of white oak. However 
the white oak is far superior in resistance to splitting 
and is far harder than either of the pines. There is no 
practical measure of the resistance to splitting, but a 
great deal of observation of trailer floors by the writer 
has revealed that white oak is far superior to other woods 
in resistance to splitting and abrasion. The hardness is a 
measure of the resistance to splitting and scuffing and the 
table shows that white oak is the best material in this 
respect. In consideration of the above, white oak has been 
selected as the floor material for the trailer and the 
design of the floor structure will be based on this. 
TABLE 3*. PROPERT/ES OF VAR/Q£/S WOODS 7 































2 /TS Dm. 
07 
/o LBS. 
OAK t WN/TE /2 3.644 13$ 900, 17,400. 3?" /0.7 ft 330. t* 
—, 
P/NE t SHORTLEAF 
YELLOW 
/2 3.000 /2800. /3,600. 33" 11.0 6 fa * 
P/A/E, LONG LEAF 
YEllOh/ 
/2 3.420 /4t 700. 75400. 34" J.94 870# 
/VR/ CoMME&C/AL 
WH/TE 
/2 2.150 9 300. 
j 
77,200. 20" 8.8? 460.& 
PQPLAR J YEILOW /2 2.330 %200. 73,500. 20" 8-5? 
1 l l . l 
450* 
1 C0MP/l£D FROM DATA :/N " WoOD 7/AA/DBOOK" BY PoREST P&O0UCTS 
LABORATORY UNITED STATES DEPARTMENT OF AGR/CULTURE . PABES 46-53. 
t 
s WEIGHT OF OAK WAS TAKEM FMOM STOCK ON /VAN'D. 
3
 CALCULATED BY &/v/&/Ne VALUE /V COLUMN 6 sr VAE&E /N coti/MM 3 . 
WEIGHT DISTRIBUTION 
The distribution of the weight of the payload in 
the trailer is determined by the location of the kingpin 
and the location of the axle. The kingpin should be 
located as far back as possible to secure proper loading 
on the rear tires of the tractor while at the same time 
maintaining proper clearance between the front of the 
trailer and the rear of the tractor cab. When the tractor 
is turned to nearly right angles to the trailer, the 
condition of minimum clearance results. This condition is 
obtained only when making very sharp turns or in backing, 
both of which must be done at low speeds. When the trailer 
is traveling at high speeds there should be more clearance 
allowed between the tractor and trailer, as interference 
between them under such conditions would result in serious 
trouble. Table 6 on page 17 shows contours of the front 
end of the trailer and kingpin locations which have been 
found to work with practically all makes of tractors and 
under all normal conditions. The chart shows the contour 
used on both the round nose trailer and the square nose 
trailer with rounded corners (commonly called bull nose 
trailer), 
Table 6 also shows the probable actual distribution 
of the payload in the front of the two types of trailers. 
17 
TABLE 6 . LOAD' OM FRONT £MD or TRAHEM 
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This is based on the fact that the majority of normal 
freight cargo is shipped in rectangular containers or 
crates. With this assumption in mind, the load distri-
bution in the nose of the trailer is arbitrarily taken 
as that shown in the bottom section of Table 6* This is 
for the purpose of calculating weight distribution and 
resultant stresses. 
?«/hen a trailer is loaded the cargo is packed tightly 
against the nose of the trailer and the loading is then 
continued until it reaches as far back in the trailer as 
possible. It is only rarely that the cargo is of such 
dimensions that the trailer can be loaded completely to 
the back end of the trailer and this results in consi-
derable space being left at the rear end. For this reason 
the cargo will be considered as extending back only to 
within two feet of the rear end of the trailer. As in the 
case of the assumed load distribution in the nose of the 
trailer, this assumption is made for the purposes of 
calculations only. 
The location of the centerline of the axle from 
the rear end of the trailer is shown by Table 7 on page 19. 
This is not based entirely on weight distribution, but has 
been worked out with the idea of keeping the wheelbase as 
small as possible while achieving the best appearance to 
the eye and good distribution of the weight of the payload. 
In the case of the 32 foot trailer, the distance from the 




TO CeA/T£K L//V£ 
/?£AA £MD 
0£ Axi£ 
32 FT 57" 
30 FT: 50" * 
28 FT. 50" 
26 FT. 43" 
24 FT 43" 
22 FT. 43" 
20 FT. 43" 
2© 
rear to the axle has been increased to 57 inches in order 
to keep the length of the stressed members of the trailer 
as short as possible as well as to make the wheelbase as 
short as possible. In the case of the shorter trailers, 
the distance of 43 inches from the rear end to the axle is 
as small as it can be made and still allow enough room for 
the spring assembly to mount on the trailer* The axle 
locations selected have been tried on many trailers 
designed by the writer and are the result of successive 
changes in these locations due to the practical experience 
gained from actual operation of the vehicles. The locations 
of the axle shown in Table 7 give very good maneuverability 
and give a balanced appearance to the eye. 
The weight distribution of the payload resulting 
from the axle and kingpin locations selected are shown by 
Table 8 on page 21, based on a payload of 30,000 pounds, 
This load is shown in both pounds and percentage of the 
total payload of 30,000 pounds• This payload figure was 
determined by taking a maximum gross weight of 45,000 
pounds as the estimated weight of the trailer and 8,000 
pounds as the estimated weight of the tractor* The 
smaller size tractors will approximate this weight of 
8,000 pounds but the larger sizes weigh considerably 
more, depending on the horsepower and whether the engine 
is a gasoline or Diesel type. 
7ABL£ -<9. QtSTRiauTioN or PAYLOAG. 
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The load at the kingpin and the load at the axle 
were calculated by writing moment equations and solving 
by substitution, 02ie following example is for the case 
of the 30 foot round nose trailer: 
X s load at kingpin 
Y • load at axle 
360" « length of trailer. 
36" s distance from front of trailer to kingpin* 
24" s distance from kingpin to front end of assumed load, 
50" a distance from axle to rear end of trailer, 
26" » distance from axle to rear end of assumed load. 
Equation (1) 
X + Y = 30,000 
Y = 30,000 - X 
Equation (2) 
+30,000 (2|£) - 24 X - 298 Y = 0 
4,860,000 - 24 X - 298 (30,000 - X) • 0 
274 X = 4,080,000 
X s 14,890 lbs, 
Equation (1) 
Y « 30,000 - X 
Y * 15,110 lbs, 
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SELECTIOH OF AXLE 
The axle of a trailer consists mainly of a one piece 
member turned or forged down at the ends and machined for 
installation of tapered roller bearings, A flange i3 
welded or forged on each side so that the brake drum can 
be attached to the flange by riveting or bolting, The four 
principal types of axles are compared by Table 9 on page 24. 
Examination of this table will show that the tubular type 
axle is superior to all the others with the one exception 
that it is slightly heavier than the I beam type. This 
slight difference in weight is compensated for by the facts 
that the axle saddle part of the spring assembly is heavier 
on the I beam type and that the I beam type requires a 
special piece where the TJ bolts fit around the axle, 
whereas the tubular type permits the U bolts to be formed 
so that they fit around the axle itself without needing 
any extra pieces. Since the tubular axle is far superior 
to the I beam axle in all respects except weight and since 
the weight difference is offset by the factors listed 
above, the tubular axle has been selected for the trailer, 
The weights and costs of tubular axles having a 
rated capacity of 17,000 pounds are shown by Table 10 on 
page 25, The air brake and vacuum brake types of axles are 
compared, although the type of brake to be used will depend 
entirely on that being used in the prospective customerfs 
TABLE 9. COMPARISON OF ^XIES (t7s000 las. CAPAC/TY ). 
Axt£ 
Cposs SEC r/oM 
DfMENS/ONS 
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5 /5r IGTH. Sec T/ON VCRT/CAL HORIZONTAL 7o/i.S/OfiiAL 
SQUARE 
i t> f it 
31 "3% 12.50 /2.S0 E U . *U 2 OS las. 
RECTAN6(/IM 
mmmmmmm 
H x *4 /7.60 7.37 24.40 /S3 Iss. 
1 BEAM 2 3 ** it £4 * 4f 13.40 3.26 ^kf 109 las. 
TUBULAR O M *f - -<""• f it f -«PjpW 5 •• * % /k. /s. /o 18./O 36.20 120 las. 
/ CoMPUED FROM DATA P(/Bl/SN££> //V i?3S BY 7WE 77M HEW D.ET#OiT j4xi£ Co. 
Z A/OT SHOWN AS THE TORSIONAL ST/FFNESS CAN A/OT BE ACCURATELY CALCULATED-
TABLE 70, h/p/GHTS AMO COSTS'OF- AXLES (7 7tOOO las. CAPACITY)-
Type OF 




AXLE ONLY' BRAKE HIT 
— — — — — 1 
TOTPilL 
k/<jz COST hbx COST pS/GT ' COST 
TuBi/LAR T/AIKEN - Dprnwr AIR 427# $746,26 50& $29.60 47/& $/7S,£6 
TUBULAR. TIM KEN - DETROIT VACUUM 39? & $77 f, 2S 75& $24 SO 474& $/44.05 
ACTUAL SCALE WEIOKTS. 
COSTS DELIVERED TO BRISTOL, VIRGINIA VIA LESS-CARLOAD PRE/GRT: 
BRAKE DI^PHRAWS ARE /A/CLUDSV WITH AXLE ON A/R BRAKE AXLE ONLY. 
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fleet of vehicles, since practically all freight line 
operators will switch trailers from one tractor to another 
and thus will require the same type of brakes on all their 
vehicles, !Ehe table shows that there is very little weight 
difference between the air and vacuum axles complete with 
brake kits, but that the air brake equipment is quite a bit 
more expensive than the vacuum type* Ihe axle having a 
rated capacity of 17,000 pounds was chosen because it 
provides approximately the required capacity for the 
payload and sprung body weight carried by the axle, 
SELECTION OF WHEELS, TIRES, AW RIMS 
The wheels used on trailers are of two principal 
types, spoke and disc. The spoke wheels are usually made 
of malleable iron and include the hubs and brake drums as 
integral parts of the wheel while the spoke wheels are 
pressed from steel plate and have the rim attached 
permanently to the wheel, but require separate hubs and 
brake drums. On the other hand, the spoke wheels do not 
include rims but do include spacer rings for maintaining 
the proper dual spacing of the wheels, 
A comparison of spoke wheels and disc wheels is 
shovm by Table 11 on page 28. Table 12 on the same page 
shows the hubs and brake drums which must be used in 
conjunction with the disc wheels* It is apparent that the 
selection of the wheels can not be made until all the 
parts such as hubs and drums and rims are considered, both 
from the Vsreight and cost standpoints. The selection will 
therefore be left until all these other items can be 
considered at one time* 
The larger sizes of trailer tires are compared in 
Table 13 on page 29, Since the weights and costs of the 
tires affect the selection of the wheels, the selection of 
all the component parts of the wheel assembly will be made 
by comparison of all the possible combinations. 
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The effect of load on tire mileage is shown by 
Table 14 on page 31. This chart shows that with 80$ of 
normal (rated) load on the tires the life (mileage) will 
be about 150$ of normal while with 20$ overload the life 
of the tire will be only about 70$ of normal* It is 
apparent from this that it will be most economical to 
operate the tires in a sligjhtly underloaded condition. 
An additional reason to refrain from overloading tires is 
that blowouts are often caused by overloading, resulting in 
destruction of the tire and tube and sometimes in the 
wrecking of the vehicle, 
The proper riin sizes for trailer tires is shown hj 
fable 15 on page 32. These are the wide base rim standards 
as recommended by the national Wheel and Rim Association 
for maximum mileage* 
A comparison of the complete wheel assemblies is 
made in Table 16 shown on page 33. Examination of this 
table shows that the spoke wheel assemblies are both 
cheaper and lighter than the disc wheels in every tire 
size combination. For these reasons the spoke wheel 
assembly will be chosen for the trailer. 
Table 17 on page 35 shows the weights and costs of 
spoke wheel assemblies including tires. The figures given 
are for the quantities required on one trailer axle. This 
table also shows the weight and cost of the assemblies per 
7ABL£ /4: £FF£CT OF loA£> OA/ 7J&F MfLFA<S£ 
i RepROD(JC£D TMOM A CHART ^tJRMiSM£~B Bf Tfi£ (J, S. /^(JffS^fil Co. 
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thousand pounds of weight carrying capacity. The number 
of revolutions per mile of travel are shown for each size 
of tire and a mileage index has been calculated, based on 
1,000 as the index for 10,00 x 20 tires, The index of 
tire mileage is inversely proportional to the revolutions 
per mile, assuming that the tires are loaded to their 
rated capacities, 
The selection of the proper size tires depends on 
the load carried and the severity of the service to which 
the tires are subjected. The 10.00 x 20 size is used by 
a majority of the trailer users and has been found to work 
very well in most cases. This size has therefore teen 
selected for the trailer for all normal service appli-
cations. In cases where a larger size tire is necessary, 
the selection can be made according to the information 
presented in Table 17. 
TABIE /Z SPOK£ hf/i££L Ass£MBti£5 /A/CIUD/NG 7/RES 
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SELECTION OF THE LAWDim GEAR 
The landing gear on the trailer is used when the 
tractor is disconnected from the trailer. The landing 
gear is first cranked down so that its wheels are resting 
on the ground and then the fifth wheel of the tractor is 
unlatched and the tractor driven out from under the 
trailer. This leaves the trailer resting on the tires 
mounted on the rear axle and on the small steel wheels of 
the landing gear* 
A schematic drawing of a horizontal type landing 
gear is shown in Table ISA on page 37. When not in use, 
the legs of the landing gear are folded up into the 
position indicated by dotted lines on the drawing. The 
landing gear is operated by a hand crank located on the 
right (curb) side of the vehiele and is driven by a gear 
and screw type mechanism. 
A similar drawing of a vertical type landing gear 
is shown by the drawing in Table 18B on page 37. When not 
in use, the wheels lift up into the position indicated by 
dotted lines. The landing gear is driven hj a hand crank 
and has a pinion, self-locking worm, and rack mechanism. 
The horizontal type landing gear weighs 290 pounds 
and costs $39.97 delivered to Bristol, Virginia via 
less-carload freight while the vertical type weighs 275 
37 
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pounds and costs $49.58 delivered. The vertical type has 
been selected for the trailer on account of its lesser 
weight, although it is more expensive, Thi3 extra cost 
is partially offset by the fact that the channels on which 
it is mounted need only a small cross channel for bracing 
while the horizontal type requires two heavy cross channels 
for mounting the screw mechanism. This is illustrated by 
the drawings in Tables 18A and 18B. This extra channel on 
the horizontal type landing gear further increases the 
weight difference between the two types and thus further 
helps justify the selection of the vertical type, 
BRAECSS 
Trailers require power operated brakes on account 
of the very large weight of the trailer as well as the 
fact that power brakes are a part of the I.C.C. brake 
requirements. "Ehe two principal types of power brakes for 
trailers, vacuum and air, and the newer electric brakes 
will eacli be discussed briefly* 
Tacuum trailer brakes take advantage of the fact 
that the engine of the tractor can be made to serve as a 
good vacuum pump by utilizing the vacuum available in the 
intake manifold. In this braking system air is pumped 
by the engine from out of one side of a flexible diaphragm 
and atmospheric pressure is applied on the other side of 
the diaphragm. Q?his moves the diaphragm, thereby moving 
a rod connected to the diaphragm. This rod is connected 
to a lever which in turn is attached to the brake cam rod 
of a simple mechanical brake, fhe brake is thus applied 
when a vacuum is created on one side of the diaphragm. 
Ihe maximum pressure on the diaphragm in this system is 
about thirteen pounds per square inch-1-, so it is necessary 
to use a diaphragm of large area to obtain the required 
braking power• 
1. See nBrakes*, published by the American trucking 
Association, page 39. 
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Air brakes operate in much the same manner as 
vacuum brakes except that the diaphragm is operated by 
compressed air supplied by an air compressor mounted on 
the tractor, A pressure of about sixty pounds per square 
inch is used on this system, so the area of the diaphragm 
can be considerably smaller than that of the diaphragm used 
in the vacuum system, 
Electric brakes use power from the electrical 
system of the tractor to energize a magnet built into the 
wheel* When the magnet is energized it pulls a disc 
(rotating with the wheel) against the magnet, !Biis drags 
the magnet along in the direction of rotation of the wheel 
and a lug attached to the end of the magnet presses against 
the brake cam, thus operating the cam and applying the 
brake. Electric brakes have been used on many small size 
trailers used by the armed forces of the United States but 
have not yet been used much on commercial trailers* Since 
they are not favored generally by trailer operators, they 
will not be considered further. 
By referring to fable 10 on page 25 it will be seen 
that a 17,000 pounds capacity axle complete with air brakes 
and air brake kit costs $31.81 more than the same size 
axle equipped with vacuum brakes. Furthermore, it is 
necessary to pay about $200*00 to have a tractor equipped 
with air brakes and connections for trailer air brakes* 
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The weights of the axles equipped with air and 
vacuum brakes are practically the same, as is shown by 
fable 10. 
Air brakes are much easier to maintain than vacuum 
brakes, 1?he compressor will furnish a large volume of air 
so that a small leak will not affect an air brake system 
much whereas the same size leak will be completely dis-
astrous to the operation of the vacuum system. The vacuum 
system operates at a very low pressure and as a result, 
the check and synchronizing valves easily become clogged 
with any foreign material that may get into the system, 
causing the brakes to become inoperative, Hius it may be 
seen that the air brake system is much easier to maintain 
than the vacuum system. 
Reliability in trailer brakes is of prime importance 
as safety of life and property depends on it. Air brakes 
are the most reliable and powerful brakes ever used on 
trailers. At the same time they will usually apply much 
more smoothly than vacuum brakes. These reasons will 
explain why trailer users are willing to pay the necessary 
extra cost to get air brakes and why approximately eighty 
per cent of the trailers built are now equipped with air 
brakes* 
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DESIGN OP THE SPRING ASSEMBLY 
The Hotehkiss-drive type of spring assembly was 
one of the first used on trailers. An illustration of 
this type of spring assembly is shown by the drawing in 
Table 19 on page 43* The front end of the main spring is 
attached directly to the front spring hanger by means of 
a pin, The rear end of the spring is attached to the rear 
spring hanger through a connecting link (called a shackle) 
and this shackle compensates for the length of the spring 
varying as it deflects. The auxiliary spring acts 
against two angle-shaped brackets attached to the trailer 
frame* Alignment of the axle is secured by loosening the 
V bolts, slipping the axle to the proper place, and then 
retig^itening the U bolts. The towing stresses are carried 
from the front hanger through the spring to the axle. As 
the position of the axle depends solely on the friction 
between the bottom of the main spring and the top of the 
axle saddle (sometimes called spring seat), any looseness 
of the U bolts or heavy shocks due to hitting bumps will 
cause the axle to be knocked out of alignment. The towing 
stresses also often result in broken front spring eyes 
and sheared spring center-bolts. The many disadvantages 
of the Hotchkiss-drive spring assembly have led to its 
abandonment by most trailer manufacturers, even though it 
is the cheapest assembly of all the different types. 
mmmmmmmmm 
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The radius rod type of spring assembly was developed 
to provide a positive and adjustable means of securing axle 
alignment. A radius rod spring assembly is shown by the 
drawing in Table 20 on page 45 • The radius rod should be 
located so that the towing stresses are carried directly 
from the front spring hanger through the radius rod to the 
axle saddle which is welded directly on the axle. In this 
way the radius rod carries the entire towing stress and 
the spring does nothing but cushion the load. The radius 
rod should be located so that it is as nearly horizontal as 
possible so that the small amount of axle movement caused 
by the radius rod swinging through an arc, as the spring 
deflects, will be as little as possible. 
The main spring shown in Table 20 is of the slip-
end type. While this type is less expensive than the 
shackled type, it is subject to excessive wear where the 
spring bears on the spring hanger. This is especially true 
in sections of the country where the trailer runs over 
dusty roads and the soil is of a sandy type. Dust gets 
between the spring and the hanger and acts as an abrasive, 
causing the top leaf of the spring to wear through and 
necessitating replacement of the spring* This condition 
is always true of the auxiliary springs on any type of 
spring assembly, but the wear is not nearly so severe as 
that on the main spring, since the auxiliary carries the 
smaller part of the load and the unit pressure of the 
auxiliary spring against the spring stop is much less than 
TksiE 20, RAD/US Roo SPM/A/S /Jsse/^sir (SUP - £M> SPR/NOS). 
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that of the main spring against the spring hanger. It is 
not possible to use shackles on the ends of the auxiliary 
springs as on the main spring, 
A radius rod spring assembly using shackled main 
springs is illustrated by the drawing in Table 21 on 
page 47, While this type of spring assembly is both 
heavier and more expensive than any other type, it is so 
much more satisfactory in operation and has found such 
great favor among trailer users that it has been selected as 
the assembly to use on the trailer. The various components 
of this spring assembly will now be taken up in detail, 
The axle saddle has been designed so that it can be 
are welded from sheared and flame-cut soft open hearth 
steel plates. The design has been made strictly on a basis 
of what is required to do the job, based on the writer's 
experience. A detail drawing of the axle saddle is shown 
in Table 22 on page 48. The bronze bushing shown in the 
drawing will also be used at the front end of the radius 
rod, in the spring eyes, and in the spring shackles. A 
bronze spacer washer will be used on each side of the axle 
saddle, between the saddle and the radius rod. The washer 
should be made from 8.A.E. 64 bronze and should be made 
3/16tt thick x 1 3/16" inside diameter x 2m outside 
diameter. This bronze washer will also be used as a spacer 
at the front end of the radius rod, at the spring eyes, and 
at the shackles. 
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The cast steel radius rod is shown by the drawing in 
Table 23 on page 50, This design is a result of a process 
of improvement in past designs made necessary by ever-
increasing loads. Particular care has been taken to avoid 
sudden changes in section and in direction of stress in 
order to prevent fatigue failures which might be caused 
by such stress-raisers. The writer intends to study this 
particular part in the near future by means of the brittle 
lacquer method of stress analysis (Stresscoat method) with 
the purpose of further improving the design. 
The cast steel front radius rod connector is shown 
by the drawing in Table 24 on page 51* This part can not 
be varied much as it has very definite space limitations 
into which it must fit. The part shown has been very 
satisfactory in service. The grease fitting is necessary 
because there is a twisting of the radius rod in the front 
connector when the spring on one side of the trailer is 
deflected more than the spring on the other side, as is 
the case when a curve is rounded, even at moderate speed, 
Table 21 on page 47 will show that a wasixer, is used 
on the radius rod on both sides of the front connector, 
This is a steel washer l/4w thick x 1 9/16* inside diameter 
x 2 l/2ft outside diameter. The front connector is located 
by two 1 1/2ff American standard light hex nuts as is shown 
by the drawing in Table 21. It is locked in plaee by an 
1 1/2ft American standard light jam nut on the rear side and 
TABI£ 23. CAST ST£££ ^A&H/S $OO. 
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by an 1 l/2ff American standard light slotted nut on the 
front side. The nuts are adjusted to secure exact align-
ment of the axle and then a hole is drilled through the 
radius rod so that a cotter can be used to secure the 
slotted nut in place* 
The radius rod Is held in place by the shackle pin 
shovini in the drawing in Table 25 on page 53. This pin has 
been used many years and the design has not been changed, 
It is held on by an 1 l/8" Elastic stop nut* This is a 
special self-locking nut manufactured by the Elastic Stop 
Hut Corporation and uses a piece of fiber crimped into the 
top of the nut as the locking means. 
Since the springs are standard automotive components 
manufactured by companies specialising in this work, only a 
summary of the specifications of the springs will be given* 
The main spring has 13 leaves, 3/8tf x 3,f, and is 45" long 
between the centers of the eyes when loaded. The load 
carried by the main spring is 5800 pounds and the flexi-
bility is 1895 pounds per inch of deflection (average). 
The eyes of the spring are equipped with the same bronze 
bushings used in the radius rod connectors, the axle saddle, 
and the shackles. The auxiliary spring has 6 leaves, 5/l6w 
x 3*% and is 34w long when loaded. It carries 1900 pounds 
of the load and has a flexibility of 1900 pounds per inch 
of deflection at an effective length of 29**. Both the 
main and auxiliary springs are bolted together with l/2n 
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diameter center "bolts. The weight of two complete springs 
is 416 pounds and the rated capacity is 15,400 pounds at 
the normal deflection of three inches. With a deflection 
of only l/4" beyond normal the load rating increases to 
17,300 pounds so the spring should be strong enough for all 
normal size loads, The spring will stand a total of five 
inches of deflection without evidence of permanent set. 
Ihe cast steel spring shackle is shown by the 
drawing in Table 26 on page 55. The design of this shackle 
is the result of many changes as loads on trailers in-
creased. As in the case of the radius rod, care was taken 
to avoid sudden changes in section and in the direction 
of stress to give maximum resistance to fatigue failures. 
The writer also plans to make a study of the shackle by 
the Stresscoat method in the near future, although the 
design shown has proven to be very satisfactory* 
The spring pressure plate is shown by the drawing in 
Table 27 on page 57. It is simply a piece on soft open 
hearth plate with holes drilled for the W bolts and 
rounded on the corners for appearance. The 9/l6fl hole 
slightly off the center is for the nut on the auxiliary 
spring center bolt. The 3/4w thickness plate has been 
found to be the thinnest that can be used without taking 
a permanent set* 
The U bolts are made from S.A.E. 3155 (or I.E. 
8630) steel bars. They are threaded and then bent to a 
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5n inside diameter to fit around the axle* This is shown 
in the drawing in Table 21 on page 47. The U bolt nuts 
are S.A.E. standard high hex nuts with National fine 
threads. 
The grease fittings used in the shackle pins and 
in the front radius rod connector are Alemite no,1980 
straight fittings with l/8fl pipe threads, 
The weight and cost of.the spring assembly will 
be included in the weight and cost estimate of the 
completed trailer. 
The design of the spring hangers will be worked 
out along with the structural members of the trailer, as 
the design of one will affect the design of the other. 
m 
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TYPES OF TRAILERS 
Highway freight trailers consist of two principal 
kinds, the frame type and the frameless type. There are 
thousands of each type on the road and each will be dis-
cussed, although the newer frameless trailer is gradually 
supplanting the old frame style. 
The frame style of trailer consists mainly of two 
very heavy channel-shaped longitudinal members having an 
offset near the front of the trailer. In this type of 
trailer the fifth wheel plate and the spring hangers attach 
directly to the main frame members, which are spaced 
transversely by cross zees or channels. Heavy cross 
members extend transversely to the sides of the body and 
these cross members are used to support both the body and 
the floor. Most frame style trailers have excessive 
deflection in the frame due to the extreme length of the 
trailer and small depth of section and this continual 
deflection of the frame results in considerable working 
of the parts in the sides and roof of the body, thus 
shortening the life of the body,, The main advantage of a 
frame type of trailer is that it will itithstand wrecks 
which will tear off a complete side of the trailer while 
a frameless type trailer will fold up completely if one 
of the sides is torn off and sometimes if only the roof 
is torn off. The main disadvantage of the frame type 
is its heavier weight. A thousand pounds more weight in a 
trailer means that a thousand pounds less cargo can be 
hauled on each trip the trailer makes during its life, 
When this is figured at the lowest freight rate, it totals 
so much that practically every trailer user is very eager 
to have his trailers as light as possible and still give 
good service. 
The frameless type trailer utilizes the sides of 
the trailer to serve as beams to carry the load. In the 
frameless type trailer, members run transversely from one 
side to the other and carry the floor as well as the 
structure on which the spring assembly is mounted and also 
the structures on which the landing gear and fifth wheel 
plate are mounted. Since the side of the trailer is a 
beam about eight feet high, it is very stiff elastically 
and does not have enough deflection to be seen with the 
eye, even under full load. Since the frameless trailers 
have always proven to be lighter than the frame type, the 
trailer under consideration will be designed as a frameless 
one and the design of all the component parts will be 
taken up in detail. 
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DESIGN OF STRUCTURAL ELEMENTS OP TEE FRAMSLE5S TRAILER 
The normal load on a highway freight trailer will 
vary from 20,000 to 30,000 pounds, depending on the nature 
of the cargo hauled and on how carefully the user checks 
the weights of the various items on his manifest of the 
cargo, Some trailer users check weights very carefully, 
some only estimate the weight of the cargo by observing 
spring deflection, while others simply do not pay any 
attention to how much weight they put into the vehicle* 
Obviously, the trailer must be designed with adequate 
factors of safety to take care of all the abuse to which 
it will be subjected. For the purposes of design a normal 
payload will be taken as 30,000 pounds* 
While the trailer must be designed to take care of 
overloads, it is not necessary to increase structural weight 
too much to do this. In the case of using stressed-skin 
side construction, the trailer will be designed so that the 
sides will not buckle under normal loads. In the case the 
sides are overloaded, they will buckle from shear strains 
and will show wrinkles, fhis can not be tolerated under 
normal load conditions for the sake of appearance, but in 
case the trailer is badly overloaded, the operator is usually 
aware of this and will not complain if such wrinkles appear 
under these conditions, It might be mentioned that such 
wrinkles show up on the wing surfaces of commercial air-line 
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planes while in flight, Ihese cause no concern to the 
average passenger but certainly do not add to the comfort 
of an engineer who may be riding the plane. As the effect 
of overloads is different on the various structural members 
of the trailer, it will be taken into consideration in one 
way or another when designing each of such members, 
Concentrated loads are not much of a problem when 
designing freight trailers, The cargo is nearly always of 
such nature that it is spread pretty well over the length 
of the trailer, even when machinery is being hauled in the 
trailer. Trailer owners are becoming increasingly aware 
that the life of the trailer can be greatly prolonged if 
cargo of a concentrated nature is placed on long timbers 
to distribute the load properly. The writer recently found 
a ease where heavy guns were breaking up the trailer floors, 
The problem was solved by simply placing some timbers at 
the proper places to distribute the load, 
A trailer running along a highway receives a varying 
series of impacts* On a concrete highway where the main 
source of impacts is from the expansion joints, the trailer 
will receive up to about 300 impacts per mile of travel, 
The number of impacts received on a macadam road will depend 
entirely on the condition of the road, but the number of 
impacts will probably be more numerous and severe than those 
received on the concrete highway. If a trailer is run only 
200 miles a day for 5 days a week and for 50 weeks a year, 
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it will travel 50,000 miles in a year. Shia is about the 
average travel for a freight trailer, although some will 
travel nearly twice that much. If the trailer receives only 
200 impacts per mile for 50,000 miles, then it has received 
10,000,000 impacts in a year. Ihis must be taken into con-
sideration when designing all the structural members subject 
to fatigue failures; and the endurance limit, rather than the 
yield point, must be used in calculating the strength of the 
members, 
Since the various structural members of the trailer 
are subject to indeterminate dynamic and impact loads, it 
is not possible to set up any definite factor of safety 
and use it in designing all members. Instead, it will be 
necessary to consider each member separately and to design 
each with a factor of safety commensurate with the actual 
experience of the writer as to what is required to work 
successfully in the particular application. 
Ihe properties of the various floor materials have 
been given in fable 5 on page 15 and white oak has been 
chosen as the floor material for the trailer for the reasons 
already stated. 
fhe white oak for the floor lumber should be kiln-
dried to about 12 % moisture content. It will then weigh 
approximately 3*644 pounds per board foot and will cost 
about $200.00 per thousand board feet when bought as fin-
ished and dimensioned lumber. 
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The floor should be made up in shiplap stock so 
that each board overlaps the adjaeent board by about a 
quarter of an inch to prevent moisture from being thrown 
up through cracks between the floor boards. If the shiplap 
tongue is wider than a quarter of an inch it will get broken 
off too easily. Ĝ he floor should be attached to the sup-
porting cross members by bolts or self-tapping screws having 
flat countersunk heads. A Phillips recessed head should be 
used as it improves the appearance of the floor and facili-
tates the use of air-driven screwdrivers for tightening 
the bolts or screws. In either ease, it is easier to tighten 
the fastening bolt or screw by driving the head from the 
inside of the trailer. 
Before assembling the floor boards they should be 
dipped and allowed to stand for at least five minutes in a 
waterproof wood sealer, !They should then be removed from 
the dipping tank and allowed to drain and dry. ©lis sealing 
treatment prevents rot and preserves the lumber appreciably 
at very little cost. It also fills the pores of the liimber 
so that less primer and paint are required and the usual 
suction holes encountered when paint dries on unsealed wood 
are almost entirely absent. The sealer without any addi-
tional coating provides a niee finish for the part of the 
floor showing on the inside of the trailer as it gives the 
wood a light, pleasing amber color. 
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The kingpin transmits all the towing stresses from 
the tractor to the trailer and failure of the kingpin would 
cause the trailer to come unhitched from the tractor. For 
this reason the kingpin should be of high quality steel and 
a forging is much to be preferred for this purpose* A de-
tail drawing of the kingpin is shown in Table 28 on page 65« 
The material is specified as S.A.E. 3140, since this steel 
has worked very well in service. The kingpin is machined to 
the standard dimensions adopted by the Society of Automotive 
Engineers because a pin of these dimensions will work on 
practically all lower fifth wheels manufactured in this 
country* Holes are provided so that the kingpin can be 
riveted to the upper fifth wheel plate, using eight l/S11 
diameter rivets. It is desired to rivet the kingpin to the 
upper fifth wheel plate rather than weld it as the king-
pin must be replaced every year or two due t© wear and it is 
much easier to remove and replace if riveted on rather than 
welded* 
The upper fifth wheel plate is usually made of 3/8fl 
thick soft open hearth plate or else of i/4n high tensile 
plate, with bracing to prevent excessive deflection. Both 
of these alternate designs have been proven by long service 
and represent the minimum sizes which can be used. Since the 
l/4ff low alloy high tensile steel plate with extra bracing 
is the lighter of the two, it will be used in the trailer, 
The dimensions of the fifth wheel plate v/ill be shown in the 
drairing of the assembly of the upper fifth wheel section. 
m 
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The upper fifth ?/heel plate is supported entirely 
by two heavy cross members running transversely from one 
side of the trailer to the other• Table 8 on page 21 shows 
that the maximum part of the payload carried at the fifth 
wheel plate is 15,320 pounds, with the payload assumed as 
being 30,000 pounds. This 15,320 pounds plus 2,500 pounds 
as the estimated weight of the trailer alone on the fifth 
wheel plate adds up to a total of 17,820 pounds load on 
the upper fifth wheel plate. Since this load is transmitted 
from the sides to the fifth wheel plate by two beams, then 
the force at each end of each beam is one-fourth of 17,820 
pounds, which is 4,455 pounds. Table 29 on page 67 shows 
the load diagram of the beams. The dimension between the 
two reactions is taken as 33" because most lower fifth 
wheels are that wide, although some are slightly wider, 
The over-all dimension of 92" allows 2tt on each side of 
the trailer for sides and rubrail, without exceeding the 
maximum over-all legal limit of 96" • The beams will be 
made from low alloy high tensile steel. Reference to 
Table 4 on page 13 shows that such steels have an en-
durance limit of around 45,000 pounds per square inch. 
Since the two members under consideration are subject to 
both dynamic and impact loads, they are subject to fatigue 
failures and the endurance limit must be used as the 
maximum strength* Using a factor of safety of two and 
an endurance limit of 45,000 pounds per square ineh, then 
the allowable unit stress is 22,500 pounds per square inch 
TABLE 29. LOAD D/AGQAM ON f/Prn W^rri. PLATS SUPPORT me M^MS£M . 
L - 4455 Las, L - 4 455 cas. 
T T 
4.455LBS. R ~ 4455 LBS 
2?, 33" 2?g 
$» 
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Neglect I since it is very small 
12 
1 = 22.84 
3 s I s 2 2» 8 4 
c 3.5 
S a 6.53 
This is slightly more sectional modulus than the 
required 5.841 already calculated. In view of the fact 
that the factor of safety of two is as low as can be safely 
used on this particular member, the value calculated above 
seems very satisfactory and l/4Ln thick material will there-
fore be used in these members, The assembly of the upper 
fifth wheel section of the trailer is shown by the drawing 
in fable 31 on page 71. fhe method of bracing.the fifth 
wheel plate with 2lf x 2n x 1/411 angles is shown. This 
method has been tried and found to be very satisfactory. 
The front part of the fifth wheel plate has been made from 
3/l6?l thick material, as this is the thinnest that can be 
used here without taking a permanent set, as has been found 
from trial on actual vehicles. The other members which are 
not stressed extremely are made from the thinnest material 
possible, based entirely on the writerfs experience. It 
should be mentioned that the front fifth wheel plate 
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has been curved up slightly at the front end to facilitate 
coupling of the tractor and trailer, 
The cross members of the trailer will be channel 
shaped and will be bent from low alloy high tensile steel• 
The shape of these members is shown by the drawing in Table 
52 on page 73. It will be noted that a small flange has 
been turned up from the bottom leg to avoid having a sheared 
edge on the tension side of the beam. This has been done 
to prevent the possibilities of fatigue failures resulting 
from rough edges, as was also true in the case of the upper 
fifth wheel plate supporting members* 
By referring to Table 8 on page 21, it will be seen 
that the load in a 20 foot trailer is distributed over a 
length of 204*. Dividing the payload of 30,000 pounds by 
204* gives a load figure of 147 pounds per lineal inch of 
trailer length. The figures for the 20 foot trailer are 
used because the load is most concentrated in this length 
of trailer and the same concentration may occur in any 
length trailer. This load figure will be used in calcu-
lating the size of the cross members. 
The spacing of the cross members depends on the 
thickness of the floor. It has been found from long 
experience that a cross member spacing of 24" is the 
maximum that can be safely used when the floor is made 
of 1 l/8n thick white oak. This will therefore be used as 
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A comparison of different floor thicknesses and the resul-
tant cross member spacing will be made to determine which 
combination is the lightest* 
Assuming a 24tf spacing of the cross members when 
1 1/8ft thick oak is used and assuming that the flange 
width of the cross member is 2 1/2n then the maximum 
unit stress is found as follows: 
M s maximum bending moment 
A s pounds of load per lineal inch of floor ln wide 
p « maximum unit stress in pounds psi 
I s moment of inertia of section 
S s sectional modulus 
b s width of section 
d » depth of section 
I = 10.75A (21*£A - 10.75A &h$l * 57,7A 
i * L ^ . I LhXPl* * ai9 
12 12 
p ' s H s S » J f e « 57,7A (.563) s g 7 3 A 
S J I .119 
e 
The cross member spacing for 1M thick oak and a 
s t r e s s of 273A i s mow found: 
L - cross member spacing 
= .0835 1 (1)? 
12 
z l i m 273A l ' i § 2 § I s 45.6A 
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M = £ (A) i£i - £ (A) M = AJ! 
2 4 2 2 8 
L2 : 8 M 
A 
/8 (45.6A) - 10tt 
-* A 
The spacing for 3/4tf oak is found to be 14.4*1 by 
the same method. These spacings are shown by the Table 
34 on page 78. 
The load diagram on the cross members is shown by 
the drawing in Table 33 on page 76. The load is the cross 
member spacing multiplied by the figure of 147 pounds per 
lineal inch of trailer length. The endurance limit divided 
by a factor of safety of 3 gives a maximum allowable unit 
stress of 15,000 pounds per square inch. This higher factor 
of safety is needed to take care of any non-uniform distri-
bution of the load and has been found to be about as small 
as can be safely used. The member is assumed to be the 
shape shown in Table 32 on page 73 and the small turned-up 
flange at the bottom will be neglected. A thickness of 
9 gauge is the proper thickness for a cross member spacing 
of 24*. This is verified as follows: 
9 GA s .1495*' 
I a i i M 2 £ L l Z L _ g (.1495) (1.601) (3.42S)2 
12 
L - 8M 
A 
Tkst^ S3. loA£> OAf CJIOSS M£MS£MS. 
-3 
o 
?u^'$2££&&&&&s*i -e\ •. • . • - C - « « . . . - « . • .i: •.-./•-. ". ̂ RtfST»>A.inAI(E.jtf ' 
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I = 9.92 
S : i = ̂ £5 s 2,834 
c 3.5 
p s £ > i&JSZS, = 14,316 lbs. psl. 
S 2.834 
In a like manner, 12 gauge (,1046*!) is found to be the 
requisite thickness for a spacing of 19" and has a unit 
stress of 15,300 pounds psi, Similarly, 14 gauge (.0747tt), 
is found to be the proper size for a spacing of 14,375" and 
has a unit stress of 16,590 pounds psi. These latter 
two eases are stressed slightly over the allowable stress, 
but are deemed to be satisfactory in view of the large 
factor of safety* fable 34 on page 78 shows the weights of 
the various floor thicknesses and cross member combinations 
in pounds per lineal inch of trailer floor length. This 
shows that 3/4" floor lumber with a cross member spacing 
of 14 3/8t? is the lightest combination and has been chosen 
for the trailer. It is not practicable to use a floor 
thinner than 3/4?r, so no others were considered. 
The load on the landing gear support channels is 
shown by Table 35 on page 80. This is figured for a 20 
foot trailer as this is the worst load condition under 
which the landing gear must operate. The load on the 
landing gear is found as follows: 
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Payload = 30,000 pounds 
Trailer body weight = 3,000 pounds (estimated) 
Total load • 33,000 pounds 
R = total load on landing gear 
Moments about center line of axle 
- 12,5 Ro + 10.25 (33,000) s 0 
* R2 - 27,000 lbs, 
The arrangement of the landing gear support channels is 
shown by the drawing in Table 36 on page 81. The required 
size of the support channels is found as follows: 
M * maximum bending moment 
S r required sectional modulus 
p = maximum unit stress in pounds per square inch 
p = £LL222 * 36,600 lbs. psi* 
1.5 
M = i£L222i (11) * 74,300 
4 
S = S « 2iiS22 = 2.03 (Required) 
p 36,600 
In the study of the floor cross members it was found that a 
12 gauge member shaped like the drawing in Table 32 on 
page 73 has a sectional modulus of 2.10. This size member 
will therefore be used for the landing gear support channels 
The factor of safety of 1.5 seems very low but it must be 
taken into consideration that the load on these members is 
static and that all of the load is not transmitted from 
the side into the ends of the members but that actually 
quite a bit of the load is transmitted from the portion 
of the floor directly above the members into the members 
MW*WW8?W^WWIwajwB5q' 
1 f-v^'MJi'Vf!!iS •f^.inmiminijivmy iinjjHunuiLijyi'̂ iMai.j.î iMiw 
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themselves. !Bais will reduce the calculated bending moment 
and this was taken into consideration im the selection of 
the low factor of safety. The members have actually been 
used in service in the 12 gauge thickness and been found to 
perform satisfactorily, fhe short longitudinal channel 
is made of 3/l6w material because it has been found that 
this is the lightest material that will stand up in this 
place, The landing gear is bolted on to this member and 
channels thinner than 3/l6n soon get bent up badly. The 
longitudinal member is braced on the front end by a small 
12 gauge gusset as is shown hj fable 36 on page 81. 
The assembly of the structural members and spring 
hangers and stops has been shown by the drawing in fable 
37 on page 83 • The dimensions on the spring assembly as 
shown give a floor height at the rear end of approximately 
52 l/2tT when the trailer is empty and approximately 49 l/2t! 
when the trailer is fully loaded* With this floor height 
the trailer will be nearly level when coupled up to most 
large size tractors, This is very important from an 
appearance standpoint, the best appearance is attained 
when the trailer is nearly level or is slightly lower at 
the rear end, 
The spring hangers and auxiliary spring stops have 
heon designed to be fabricated from sheared and flame cut 
plate and v/elded directly onto the longitudinal suspension 
channel. The spring hangers and stops are of the thinnest 
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possible materials, as has heen determined by a long series 
of experiments on actual vehicles. The spring hangers and 
auxiliary spring stops are placed directly under the longi-
tudinal suspension member so that the entire load is trans-
mitted in a direct line from the channel to the springs and 
all overturning moments are thereby avoided, This con-
struction overcomes many of the usual troubles inherent in 
spring suspensions due to the conventional practice of 
mounting the springs several inches to the outside of the 
longitudinal channel and supporting them with cantilever 
spring hangers, The longitudinal channel and its boxing 
gussets are both made of 3/l6!l material. This is another 
place where long experience has proved that this is the 
lightest material that can be used for this particular 
application. These gussets are tapered at both ends to avoid 
stress concentrations caused by too sudden changes of section 
of the member* The spring hangers .and auxiliary stops are 
welded on and care should be taken to see that they are not 
welded across the ends which would be across the direction 
of stress* This might cause a fatigue failure at the weld* 
The manner in which the springs are mounted is shown by 
Table 21 on page 47. 
The sides of the frameless trailer carry the entire 
load and must be designed to carry this load without buck-
ling, Some frameless trailers use a trussed side made of 
hollow tubing and cover this on the outside with sheet metal. 
It is desired to use stressed skin construction in the 
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being designed so that the trailer will be simple to con-
struct and light as possible. Since sheet metal sides have 
to be used to cover the outside, it is only logical to join 
them together and provide enough stiffeners so that the 
side sheets themselves will carry the load* Some trailers 
have been built using side sheets with vertical corrugations 
(usually ©ailed ribs) made like the drawing in Table 38 on 
page 86* This type of side has proved to be unsatisfactory 
because a blow from the inside of the trailer such as might 
be caused by cargo shifting vd.ll deform the rib to a shape 
somewhat like that shown by the dotted lines in Table 38* 
This results in the side bulging toward the outside of the 
trailer* Some trailers have been observed by the writer 
when the sides have been bulged out as far as six inches. 
The side sheet construction shown in the drawing in Table 
39 on page 87 overcomes the difficulty described above* 
After the sheets are spot welded in the manner shown on 
the .drawing the side is a very strong one as each rib is 
then a hollow tube integral with the side* fhe determina-
tion of the thickness of the side sheets and the spacing 
of the ribs will now be carried out. 
Payload s 30,000 pounds 
Load on one side s 15,000 pounds 
Bfaximum shear at ends = 7500 pounds 
Panel length = 78tf to 87tt 
Rib spacing = lln ' * ' 
Effective width of panel = llft - 2 (1 l/8") = 8 3/4* 
See Table 39 on page 87 
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88 
Shear stress per lin* inch s — — s 96»2 (for the worst case) 
78 
As the critical shear stress for "buckling occurs at about 75 
per cent of the theoretical value, then a factor of safety 
of 1*33 should be used. 
Critical shear stress - 96.2 (1.33) = 128*2 lbs. per inch 
The buckling strength is now found by using the chart 
on page 5 of "Designing for High Tensile Steels , by 
II. M. Priest, reprinted from ^Railway Mechanical Engineer". 
B = effective width of panel 
A s length of panel 
K = constant from the chart, dependent upon B/A 
SCP « critical shear stress for buckling 
B = 8.75 s .1008 
I 87 
K = 5*4 
From chart S „ = 125 for panel 20 ga* thick 
S«r must not exceed shearing yield point times thickness 
of the panel. 
53,000 X .0359 = 1185. 
Since the critical shearing stress for the 20 
gauge panel is practically the same as the critical stress 
per lineal inch of the sheet as previously calculated and 
since the critical shearing stress does not exceed that 
calculated immediately above, the 20 gauge sheet is satis-
factory in this application. 
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The buckling stress of an 18 gauge panel was inves-
tigated similarly and it was found that an 18 gauge panel 
is satisfactory with a rib spacing of 13ft. In both of these 
cases, buckling from shear will begin at about the rated 
payload of the vehicle, but failure will not occur until the 
stress is increased a very large amount. This buckling has 
been observed by the writer in actual tests of such panels 
on complete trailers, but there has never been an instance 
of complete failure found yet» 
Table 40 on page 89 shows a comparison of the two 
side sheet thicknesses described above. It will be seen 
that the SO gauge sheets with lltf rib spacing are much 
lighter than the 18 gauge sheets with 13w rib spacing» 
Thinner sheets were not considered as 20 gauge is about 
as light as can be handled in most shops so that the com-
pleted trailer does not show wrinkles in the sides. The 
20 gauge sheets will therefore be used in the trailer. 
The side sheets should be spot welded together with 
the spot welds spaced on about 1 3/8!! centers. This is 
done for the sake of appearance, as such a spacing gives 
considerably more strength than is required to handle 
the load* However, if the spots are placed much further 
apart, the sheets tend to buckle and show an opening in 
the seam between the welds. The factor of safety of the 
spot welding is calculated as follows: 
01 
Spacing of spot welds = 1 3/8*. 
Length of panel = 78" 
Number of welds = _JI§^ 4. 1 * 57 
1.375 
Diameter of electrode = 3/16" 
Take dia. of spot weld « l/8n 
Shearing strength of spot welds = 45,000 pounds psi# 
Area of spot = 3.1416 (l/l61*)2 
- .00815 sq. in. 
Total strength of welds • (57) (.00815) (45,000) 
= 20,900 lbs* 
Factor of safety ' 2 Q ; ? 0 0 = 2.79 
7,500 
In view of the fact that the strength of spot welds can be 
affected by such things as variable voltage and varying 
size of the electrode tips, this factor of safety seems 
to be about right* 
Table 41 on page 92 shows the detail of the assembly 
of the rub rail zee and the sides. The sides are spot 
welded to the zees with welds on 1 3/8* centers. The see 
and rubrail are formed from one piece and are made of 14 
gauge high tensile steel as experience has shown that is 
about the lightest that can be used here* 
The interior of the trailer should be lined with 
plywood to a height of at least four feet above the floor 
to prevent the sides of the trailer from becoming bent 
by hand trucks, boxes or crates accidently striking against 
them during the process of loading or unloading. This 
From "American Welding Society Handbook, 1942 
Edition". 
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plywood will be satisfactory if only l/Bn thick. It should 
be held in place by self-tapping sheet metal screws, prefer-
ably of the flat countersunk washer head type. As in the 
case of the floor bolts, the screws should have Phillips 
recessed heads to facilitate driving with air driven screw-
drivers. The screws should pass through and into the hollow 
colvunn section of the sides, so that they will not protrude 
to the outside. 
The roof of the trailer must not leak and should 
be strong enough- to support a man walking on it, as it is 
often necessary to climb onto the roof to clean, paint, and 
repair damaged places. The roof of a trailer is often 
struck by small overhanging limbs of trees and consequently 
damaged. l$hen a trailer body twists as the tractor and 
trailer move over uneven roads, there is a tremendous 
strain exerted between the diagonally opposite corners of 
the roof and this will split the roof apart unless pro-
vision is made for it to stretch and thus relieve the 
strain. 
There are many types of joints used on trailer roofs, 
including coin pressed lock joints, single lock joints, lap 
joints, and soldered seam joints. The most inexpensive and 
satisfactory of these is the simple lap joint modified so 
that the lap is made over a pressed rib. This is illus-
trated by the drawing in Table 42 on page 94. The lap 
joints are spot welded as shown in the drawing and the 
TABLE 4Z. . ROOF TM€/C TY&At 
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spot welds are made on 1 3/8 fl centers so that the sheets 
will fit together snugly all along the seam and prevent 
leaks. 
The roof made out of wide sheets is used also 
because it is of one-piece construction and therefore 
does not have any parts to work and rub against each 
other* She ribs are placed on 7 l/2n centers because this 
rib spacing is strong enough to hold up a heavy man, 
because the panels have a very narrow width and do not 
rumble and vibrate, and because this spacing works out 
right for the use of a 60n sheet width without any 
necessary shearing waste, The design of the roof is made 
purely on a basis of what experience has shown to be 
the proper sizes and construction to do the job properly. 
•The ribbed roof section also has the advantage that it 
will deform and relieve the diagonal strains discussed 
above, This was illustrated in the drawing in Table 38 
on page 86. She assembly of the roof channel where the 
roof welds on to the trailer is illustrated by the 
drawing in Table 43 on page 96. The roof channel parts 
are formed from 14 gauge low alloy high tensile steel and 
arc welded together as shown.. The outer part is welded to 
each rib of the sides and the channel is spot welded to 
the sides with spot welds spaced on 1 3/81! centers. The 
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TABLE 4 4 , DOOR A1£M&£RS. 
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The rear end of the trailer is framed in by one 
horizontal and two vertical door members illustrated 
by the drawing in Table 44 on page 97. The members are 
of 12 gauge high tensile steel and are as light as they 
can be made and yet withstand the strains on the back end 
of the trailer, as has been determined by experience. The 
members are welded together at the top of the trailer and 
the vertical members are welded into the under structure 
at the bottom. 
The conventional method of mounting the rear doors 
on the trailer is to use three flat hinges on each door. 
Table 45 on page 98 shows the continuous hinge designed 
for the trailer. This hinge is made of the proper di-
mensions so that it can be spot welded to the rear door 
and bolted onto the outer part of the vertical door 
members. Tiae bolts should be 5/l6tt diameter and spaced 
about 4" apart for good appearance. The short 3f! leg 
bolts onto the door frame member, while the long leg of the 
hinge spot welds onto the door* The greatest advantages 
of the continuous type of hinge are that it effectively 
seals the edges of the door against water seepage, that 
it braces the door along the entire edge, and that it is 
cheaper and lighter than the regular strap type hinges. 
The design of the door lock is shown by the drawing 
in Table 46 on page 100. This is a cam action lock made up 
of steel castings and soft open hearth steel pieces welded 
100 
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together as shown in the drawing. Every effort has "been 
made to make this door lock as strong as possible without 
being too heavy, as the door lock of a trailer receives 
very severe service and most locks will not work properly 
after a few months use. This lock was developed after 
trying four different locks made by various manufacturers 
and finding that all were too light to stand up in com-
mercial freight service. Because of the cam action, the 
lock illustrated will engage when the door lacks three 
inches of being closed, so that it can even be used to 
shut doors that have become badly bent. 
The rear doors are shown by the drawing in Table 47 
on page 101. They are made from 20 gauge high tensile 
steel and are braced by ribs pressed from the same 
material and spot welded on. The two doors fit with the 
ribs toward the inside of the trailer and overlap 1 1/2* 
at the center when closed. This construction has proved 
very satisfactory and is very light* The bracing ribs 
provide a good place to us© small scrap pieces of sheet. 
The trailer needs a bumper on the rear end to 
protect the door structure when the trailer is backed up 
to a loading platform, since most drivers simply back up 
until the trailer strikes against the platform. The rear 
cross member is formed so that the bumper is an integral 
part of the cross member. This provides a strong bumper 
across the entire rear end of the trailer, with the 
103 
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addition of only about twenty extra pounds to the trailer 
weigh.t. One bumper is braced with a gusset at each end 
and at each longitudinal suspension channel. Experience 
has proved that 12 gauge high tensile steel is the 
lightest material that can be used for this application* 
The spare tire carrier is a simple welded structure 
mounted underneath the trailer and arranged to carry one 
spare tire* The tire carrier is fabricated from 12 gauge 
high tensile steel* The tire is held in by a short 
angle member that fits the contour of the rim and is 
bolted to the center member of the tire carrier• The 
spare tire carrier is shown by the drawing in Table 48 
on page 103. It is arc xvelded to two of the cross 
members* Tbe tire carrier is another part of the trailer 
that is designed on the basis of previous experience. 
105 
ASSEMBLY OF COMPONENT PARTS 
The assembly work on the trailer should be done on 
an assembly line to obtain the many savings inherent in 
this type of layout. It is not necessary to move the 
assembly line continuously, as all the units can be moved 
progressively from one station to another as each operation 
is completed. 
First, the under structure should be welded 
together in a jig, in the bottom side up position. After 
the welding is completed, the spring assembly and axle 
should be mounted and the unit then turned over. The 
door frame members are next arc welded in place. The 
side sheets are welded together on the stationary welding 
machine next. They are then assembled on the trailer with 
each side in one piece and the front also in one piece. 
The roof channels are next assembled on a jig and then 
transferred to the trailer, after first welding together. 
The sides and roof frame are now clamped in place and the 
whole assembly welded together with portable spot welders. 
After this the roof is spot welded together into one 
piece, transferred to the trailer, and then arc welded 
into place. Hext the wood floors and plywood lining are 
installed. The rear doors are attached next. Finally, 
after all welding operations have been completed, the 
106 
landing gear, nyheels, rims, and tires are moxmted. The 
lights and wiring can be installed at the same time, The 






Painting is an operation in the manufacturing 
process that must be performed very carefully as the ap-
pearance of the vehicle can be either enhanced or spoiled 
by the paint job. Painting consists of only four* simple 
operations and each will be discussed briefly. 
Cleaning should be very thorough as the adherence 
of the paint depends upon how well it is accomplished. The 
easiest way to clean the vehicle is to use one of the many 
commercial preparations made for this purpose. 
Sealing of the wood surfaces has already been dis-
cussed, as this should be done before the wood is assembled* 
A suitable primer should now be applied with a spray gun, 
taking care to see that all surfaces are entirely covered. 
Sanding is necessary with most primers to secure a 
smooth final coat. However, it will be well to use one of 
the recently developed primers that does not require much 
sanding, as this is a slow, hand job# 
Painting should be done by the most expert spray 
gun operator available, as this operation is one which 
shows every little flaw. If properly done and if the 
modern synthetic enamels are used, the resulting surface 
will be a glistening coat that will give years of service. 
108 
THE COMPLETED UUIT 
The completed trailer will have the following 
dimensions: 
Over-all length = 30' 4" 
Over-all width = 95 3/4M 
Over-all height = 138t! (unloaded) 
Inside length = 28' 10" 
Inside width » 91 3/4" 
Inside Height = 84" 
Floor height » 52 l/231 
The weight of the complete trailer equipped with 
vertical landing gear, air brakes, spoke wheels, and size 
10*00 x 20 tires has been estimated to be 6,586 pounds. 
This is a very low weight for this size trailer and such a 
weight would meet with quick approval from any trailer user« 
Overhead costs and administrative expenses vary so 
much with different plants that the cost figures will be 
presented as out-of-pocket costs only and will not include 
any burden or taxes. The cost estimated on this basis is 
as follows: 
Material cost • $856*71 
5% waste s 15.88 
Total material • 872,59 
Labor • 520+ 00 (400 hours § «80 hour) 
Total cost = f1,192.59 
PRELOADING FOB PREVENTION OF FATIGUE FAIMHIS 
In welding up a structure such as the under-
structure of this trailer, stresses due to the heat 
caused by arc welding are likely to lock up stresses 
into the structure. It would be possible to relieve 
these stresses by annealing, but this is not possible 
in most shops where a structure of this size is concerned. 
An alternative is to load the unit about fifty per cent 
beyond its normal pay load of 30,000 pounds, 1?his will 
not cause a permanent set in any of the parts unless 
they have had an additional stress placed on them by the 
locked-up stresses previously mentioned. In this case 
the yield point might be exceeded, in which case the 
particular member would take a small permanent set and 
thereby relieve the locked-up stress. Since the S-N 
curve for steel has a sharp ^knee11, such a slight re-
duction in subsequent stresses on the member might 
prolong its fatigue life many times, 
110 
NORMAL MAINTE&AHCE 
The moving parts of a trailer are comparatively 
few but they require regular maintenance to assure 
satisfactory operation. A brief maintenance outline 
is presented below: 
1,000 Mile Check 
1. Check tires, 
2. Lubricate spring assembly* 
3* Check lights, 
4. Check brakes, 
5,000 Mile Check (In addition to the above) 
1. Remove wheels and repack bearings, 
2. Check grease seals on axle, 
3. Check brake lining and brake drums, 
4. Adjust wheel bearings. 
5. Adjust brakes. 
6. Check axle alignment 
Six Months Check (In addition to the above) 
1. Check over entire trailer for any 
necessary repairs, 
2. Touch up all paint where any rust shows, 
3. Tighten any loose bolts or screws. 
Preventative maintenance such as outlined above 
will prolong the life of the vehicle a great deal and 
will help prevent costly break-downs on the road, 
65860 in 
CONCLUSION 
This Thesis has presented the various factors 
affecting the design of highway freight trailers and has 
listed the materials available at the present time for use 
in building them. The various standard automotive compo-
nents have been studied and charts compiled so that the 
lightest and most inexpensive parts could be selected 
for use in the vehicle* 
The structural parts of the trailer have teen 
designed so that they can be fabricated and assembled 
with a minimum of tools and expense. As many of the 
members of the trailer had to be worked out from a basis 
of past experience due to lack of exact knowledge of the 
impact loads on them, the design could be further refined 
by making a study of the loads on these members by using 
electrical strain gauges. The design of a number of the 
parts would also benefit from a study of the strain dis-
tribution in them by means of the Stresseoat method, 
It has been endeavored to design a lighter, stronger, 
better, and cheaper trailer and the final design repre-
sents a large saving in weight and consequently also 
in material costs over previous designs. The data presented 
should greatly facilitate working out any future designs. 
